INTRODUCTION
There is increasing work on manufacturing natural fi bre-plastic composites because of their lower cost and environmental benefi ts. High density polyethylene (HDPE), a kind of polyethylene (PE), is a commonly used and cheap polymer in food packaging. It is one of the most usual synthetic polymers with highly hydrophobic nature and high molecular weight. The most important application area of HDPE is the production of containers and injection-moulded articles for the production of storage and distribution containers, like buckets and bottle cases, and its processing into fi lms and pipes has become increasingly more common 2, 12 . Since the food industry uses a lot of plastics, even a small reduction in the amount of plastic materials of each package would cause a signifi cant polymer saving, and could improve solid waste problems. It is clear that the use of biodegradable polymers for packaging offers an alternative partial solution to the problem of gathering of solid waste composed of inert synthetic polymers 6 . Among bio-based polymers, cellulosic materials have gained importance in biocomposite formulations 10 and they are used as reinforcement fi bres because of their high mechanical and thermal performance 11 .
The thermal behaviour of a sample is a record of one of its properties against time or temperature while the temperature of the sample, in a specifi ed atmosphere, is programmed 3 . Cellulosic materials present amorphous and crystalline domains and a high degree of organization. The crystallinity depends on the origin of the material. Crystallinity in cellulose partly results from hydrogen bonding between the cellulosic chains, but some hydrogen bonding also occurs in the amorphous phase, although its organization is low 5 . Due to the high degree of crystallinity of cellulose, plant fi bres cannot be processed like thermoplastic polymers in general 15 . Since the processing methods (e.g. injection, extrusion, compression) for natural fi bre-thermoplastic composites are all based on heating, understanding the thermal properties of such composites at their processing temperatures is very important for studies on controlling and optimizing the manufacturing process 8 .
SUMMARY
Biocomposites of high density polyethylene (HDPE) and kenaf cellulose (KC) with polyethylene glycol (PEG) have been prepared by melt blending and compression moulding. The optimum temperature and reaction period for blending KC with HDPE were 145 °C and 12 minutes with rotation speed of 30 rpm, respectively. The effects of composition on the thermal properties of HDPE-KC biocomposites were investigated using TGA and DSC. Each sample of HDPE-KC biocomposites was subjected to heating programs between 35-600 °C for TGA, and the DSC analysis was determined under heating cycles of 25-600 °C. The results from TGA and DSC indicated that by increasing the KC content, the thermal stability was slightly improved. The melting temperature for all the composites was less than the melting point of KC (148.70 °C), and almost the same as that of HDPE (130.38 °C). Therefore no signifi cant change in the melting temperature resulted from adding KC to the HDPE matrix. However, HDPE's presence surrounding the KC fi bres, prevented water from reaching the cellulose fi bre particles, thus reducing the water content in the composite; hence a signifi cant advantage of forming KC composites with hydrophobic HDPE is that it helps to make the cellulose hydrophobic instead of hydrophilic.
Routine DSC and TGA techniques, used to characterize polymer thermal stability, have been employed for assessment of the comparative thermal stability of various polymer materials and prediction of material lifetimes 4 . In an investigation of the infl uence of sisal fi bre content on the thermal properties of LDPE-sisal composites using DSC and TGA, it was found that the presence of sisal fi bre had an effect on the LDPE crystallinity and the thermal stability of the composites 9 . Additionally, Lei et al. 7 showed that the thermal stability of recycled highdensity polyethylene (RHDPE)-wood and bagasse composites was lower than that of neat RHDPE. However, the results of TGA measurements in Yordanov's work 14 showed that the thermal stability of LDPE-PA6-2 pph Escor 5001 blends increases in the presence of 2 pph Escor 5001.
As the thermal stability of HDPE composites for packaging applications is necessary in determining their end use, a study of the thermal properties of KC-HDPE composites using TGA and DSC is reported in this paper.
EXPERIMENTAL DETAILS

Biocomposite Preparation
Composites of HDPE (grade HI1600, density 0.945 g/cm 3 , melt index 20.0 g/10 min 13 ), cellulose [extracted from kenaf (Hibiscus cannabinus L.), variety V36], and PEG, average molecular weight 8000, were prepared with 0, 30, 40, and 50% of KC and 0, 5, and 7% of PEG8000. Predetermined amounts of the materials were mixed using a blending machine at 145 °C with a rotor speed 30 rpm for 12 minutes.
Thermogravimetric Analysis (TGA)
The thermo-stability properties of the biocomposites were analyzed using a Perkin Elmer Thermal Analyzer model TGA7/DTA7, over a temperature range of 35 -600 °C with a heating rate of 10 °C /min with holding for 1.0 min at 35 °C under nitrogen atmosphere. The weight and percentage of residue was recorded to determine the weight losses of the sample after heating.
Differential Scanning Calorimetric (DSC)
The melting and decomposition behaviour of the matrix polymer (HDPE) and the biocomposites were studied using a Mettler Toledo DSC822e Thermal analysis instrument. The scan was carried out at the heating rate of 5 °C/min from temperature range of 25 to 600 °C under nitrogen atmosphere.
RESULTS AND DISCUSSION
TGA
The TG and DTG curves illustrate some of the main characteristics of the HDPE biocomposites such as degradation temperature and weight loss percentage that are represented in Figures 1 and  2 respectively.
From Figure 1 , it can be observed that the weight loss of HDPE occurred in a one-step degradation process from 400 to less than 500 °C. This result can be confi rmed by the presence of only one peak in the DTG curve, at temperature of 454.51 °C (Figure 2) . The mass loss of HDPE started at 342.93 °C and continued very slowly at temperatures below 400 °C. Above 400 °C, this process takes place very rapidly and the quantity of residue is very small (0.41%) due to further breakdown of HDPE into gaseous products at higher temperature. Besides, Figure 1 shows that the thermal degradation of KC-HDPE biocomposites occurred in a two step degradation process. This is also confi rmed by the presence of two peaks from DTG curve (Figure 2) . In addition, it can be seen from Figures 1 and 2 that the KC-HDPE biocomposites exhibit an initial mass loss from approximately 340 to 370 °C (the fi rst considerable peak), which is mainly due to the decomposition of the organic material of cellulose and evaporation as gases. After that, a second thermal degradation step of HDPE (the second considerable peak) is observed around 460 °C. This two-step degradation process shows that the thermal degradation temperature of the KC is lower than that of HDPE. However, the thermal stability (maximum decomposition temperature of host matrix -Peak, T.) of an HDPE matrix containing KC is higher than that of pure HDPE. In addition, a tiny peak in the temperature around 100 °C is associated with the vaporization of water in the composites that is due to the hydrophilic nature of functional group, OH, in the cellulose. Therefore, HDPE's presence around the KC fi bres prevents water from reaching the cellulose fi bre particles, thus reducing the water content in composite. It is one of the advantages of forming KC composites with the hydrophobic polymer (HDPE) that it helps to make the cellulose hydrophobic instead of hydrophilic.
A scatter diagram was used to determine the relationship between temperature and weight loss for both treated and untreated samples with PEG8000 (Figure 3) . It can be seen from this figure that the thermal degradation of HDPE starts at 342.93 °C, and fi nished at 502.54 °C with a peak at 454.51 °C. These three temperatures are higher than that of pure HDPE for all the biocomposites. Therefore, the addition of KC and PEG8000 to the HDPE matrix increased the onset degradation temperature (Onset T.) and the decomposition temperature (End T.) as well as the thermal stability (Peak T.) of the composites compared to pure HDPE. Also, the fi nal residue percentage of all treated and untreated samples with PEG8000 was more than that of pure HDPE. On the other hand, the addition of 7% PEG8000 was able to increase the thermal stability (Peak T.) of HDPE-KC blends compared to that with 5% PEG8000. The residue was about 2.26 °C, 2.72 °C and 1.53 °C for each group of composites (group 30%, group 40% and group 50%), respectively.
Adding KC to the HDPE matrix, in general, increased the decomposition temperature of the composites. This fi nding seems to be in agreement with Averous and Boquillon 1 who found that the addition of cellulose fi llers improved the thermal resistance of wheat starch-based biocomposites. Table 1 shows the experimental data for the temperature changes and enthalpies of samples in the HDPE-KC-PEG composites. From this table, it is apparent that the thermal degradation began to occur only after the materials had absorbed signifi cant amounts of heat energy.
Differential Scanning Calorimetric (DSC)
The heat initiated the degradation processes and the breaking-down of the fi bres and matrix structure. However, the melting temperature for all composites was less than that of KC (148.70 °C) and they are almost the same as the melting point of pure HDPE (130.38 °C). This means that no signifi cant difference was obtained between the melting temperatures as a result of adding KC to the HDPE matrix. In fact, for all HDPE-KC composites, two distinct endothermic peaks were obtained from DSC curves. The fi rst peak, from the DSC curve of a neat HDPE sample, indicates the melting temperature (130.38 °C) and the second peak (479.40 °C) shows the degradation temperature. As an example of a HDPE-KC composite, in the DSC curve of the 50% HDPE and 50% KC composite, the melting temperature of biocomposite occurred at 127.46 °C and the degradation of biocomposite happened at a higher temperature, 489.35 °C.
CONCLUSIONS
Thermal analysis of composites is necessary for determining their enduse. Therefore, each sample of the HDPE-KC composites was subjected to analysis by TGA and DSC. From the results obtained, the following conclusions can be made:
Thermal degradation began to occur only after the materials had absorbed certain amounts of heat energy. The heat initiated the degradation processes and the breaking-down of the fi bres and matrix structure. A sudden drop in the mass of the samples indicated the thermal degradation of the materials. Addition of KC and PEG8000 to the HDPE matrix increased the onset degradation temperature and the decomposition temperature as well as thermal stability of the composites in comparison to those of pure HDPE. From the results of DSC, a melt temperature was observed for all the HDPE-KC composites. In all cases, it was less than the melting point of KC and was almost the same as that of HDPE (130.38 °C). 
